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Manitoba - North Dakota 
Zero Tillage Farmers Association

The Manitoba-North Dakota Zero Tillage Farmers Association is run by an elected board 
of twelve farmers representing agricultural areas of Manitoba and North Dakota plus eight 
appointed advisors from government, university and industry. The Association is open to 
any person interested in zero tillage, not only from North Dakota and Manitoba but also 
from surrounding states and provinces.

The purpose of the Manitoba-North Dakota Zero Tillage Farmers Association is to:
• Facilitate the exchange of ideas
• Encourage zero tillage research
• Disseminate zero tillage information

Further, the Association pledges to “preserve our agricultural soil resource for future 
generations by promoting a system of crop production which drastically reduces soil 
erosion and builds up organic matter”.

 “Beyond the Beginning – The Zero Till Evolution” is a result of the continuing efforts and 
insights of farmers, scientists, extension and university specialists to understand the 
dynamics involved with zero tillage farming systems. Since the publication of “Advancing 
the Art”, the zero tillage system has continued to evolve as we better understand soil 
biology and function.

Our goal was to publish information that would encourage farmers and agricultural 
scientists to further improve farming without tillage. We refer to zero till (or no‑till) 
as a cropping system that leaves the soil undisturbed from harvest until seeding, 
except for some disturbance to apply fertilizers. We have used the terms zero till 
and no‑till interchangeably.

The manual contains information from experienced zero / no-till farmers and researchers. 
It is not a specific set of production recommendations; rather it deals with what 
experienced producers are doing. Registered product uses and official recommendations 
vary between Manitoba and North Dakota. This means that information in this manual 
may differ from official recommendations in your area. Information in this manual 
supplements that of the manufacturers and the official Manitoba and North Dakota Weed 
Control and Crop Production publications.

www.mandakzerotill.org
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The idea of producing a third Zero Tillage Production manual came 
about three years ago while I was in my fi rst year as a director on the 
Manitoba-North Dakota Zero Tillage Farmers Association. It is my 
pleasure to be able to see this project through as the current president.
I give tremendous credit to the directors and advisors on the board that 
have been involved in putting this manual together over the last several 
years. They are knowledgeable on the topics and dedicated to making 
sure the manual was done accurately. The committee also worked hard 
to include the scientifi c background relating to the practical applications 
involved in modern-day zero tillage. I also have to give credit to the 
researchers, agricultural extension employees and the producers that 
have offered their experiences and knowledge enabling us to gather the 
information required to put the manual together.

I also note that publishing the manual was made fi nancially possible 
through government funding from both the U.S. and Canada at federal, 
provincial and state levels. The ability to secure this funding shows the 
respect Manitoba-North Dakota Zero Tillage Farmers Association has 
built over the last 32 years. Sustainable farming practices continue 

to be an increasing global issue and it is apparent government recognizes the role of our organization in 
promoting this through zero tillage.

Our successful publication of this third manual shows the continuing passion for zero tillage farming among 
both our board members and the rest of the membership. I hope this manual will help grow the practice in 
both countries involved as well as agriculture around the world.

Darren Whetter, President
Manitoba-North Dakota Zero Tillage Farmers Association

In 1991, we published the “Zero Till Production Manual”. It was a 
farmer driven, farmer written publication. It was, and is, a valuable 
guide for North American farmers as they move into zero till and other 
conservation cropping systems. Copies of the manual found their way 
throughout Canada and the United States and overseas to Africa, 
Australia, Europe and South America.

In 1997, we published “Advancing the Art”. It was another farmer 
driven publication that proved to be a valuable source of information to 
zero till farmers around the world. It has been over 30 years since the 
fi rst zero till pioneers started getting together on an annual schedule 
to discuss their zero till experiences. Approximately three years ago 
The Manitoba-North Dakota Zero Tillage Farmers Association started 
discussing the need for a new manual that is indeed “Beyond the 
Beginning” of the zero till movement.

In the years since the fi rst two manuals were printed, ongoing farmer 
experiences coupled with inquiries by the scientifi c community have 
verifi ed the soil and environmental benefi ts the early zero till producers 
spoke of. It now seems appropriate to publish a manual aimed at 

discussing the long-term benefi ts of zero tillage. These benefi ts are enjoyed by production agriculture as 
well as society in general.

This manual production has been guided by the Education Committee during the terms of four Association 
Presidents, Cal Thorson, Dustin Williams, Mark Jennings and Darren Whetter. Jointly, we extend our hope 
that it will be of value to you, whether you are a farmer, teacher, researcher, wildlife manager, environmental 
conservationist, government decision maker, commercial product manager, spouse sharing decisions, or 
whatever your walk of life. We all share in developing the future of agriculture. 

Alan Ness, Executive Secretary
Manitoba-North Dakota Zero Tillage Farmers Association
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are of particular value to farmers of North America’s 
Northern Plains region, where the growing season brings 
wind, driving rain and bouts of hot, dry weather.

In North Dakota, interest in no-till has been strongest 
among farmers from the western part of the state, where 
wind and drought make soil and water conservation critical.

This interest gains momentum from the long-term study 
of no-till farming practices by researchers at Mandan’s 
Northern Great Plains Research Laboratory. Since the 
mid-1980s the lab’s scientists have used no-till practices to 
implement a broad array of studies. “Don Tanaka has taken 
the lead in much of this work, and in the early 1980s and 
’90s Al Black played a big role,” says Hanson. “Al was a key 
instigator in bringing no-till into this region.”

As the potential benefi ts of no-till continue to unfold, 
the acceptance rate among farmers is bound to keep 
growing. “Not only is no-till a great way to reduce wind 
and water erosion, but it also potentially stores carbon in 
soil and can reduce emissions of greenhouse gases,” says 
Hanson. “These benefi ts result from improvements in soil 
quality, which really become evident after 10 to 15 years of 
no-tilling.”

In Canada, farmers’ adoption rate of no-till suggests a 
growing interest in its conservation benefi ts. In 2006, Prairie 
farmers reported using no-till on 50 
percent of seeded acres. The Prairie 
region encompasses the provinces of 
Alberta, Saskatchewan and Manitoba.

“As a result of no-till we’ve seen a huge 
change in the agricultural landscape,” 
says Jeff Thiele, soil resource specialist, 
Agriculture and Agri-Food Canada 
Agri-Environment Services Branch, 
Dauphin, Manitoba. “Soil erosion was a 
big problem 20 years ago. During a wind 
storm, the sky would turn gray from the 
blowing soil. Now, many of the farmers 
are direct seeding, and we see fewer 
erosion events.”

Minnedosa, Manitoba, no-till farmer Bob 
McNabb was among the risk-taking 
farmers willing to try no-till 30 years ago. 
Then, the system was new to northern 
farmers, and no-till farming equipment 
was neither effi ciently designed nor 
widely available.

The risk-takers of past decades who were among the 
fi rst to park plows and cultivators – believing they could 
plant crops into untilled stubble and still harvest good 
yields – may have never dreamed they’d launch a farming 
revolution. Yet their cumulative efforts worldwide have done 
just that.

“Increasing numbers of farmers are converting to no-till, 
making it a global phenomenon,” says Jon Hanson, newly 
retired research director of the USDA Agricultural Research 
Service Northern Great Plains Research Laboratory at 
Mandan, North Dakota. “In South America farmers are 
adopting no-till in a big way, and worldwide 95 million 
hectares [235 million acres] are in no-till. No-till is helping to 
conserve soil around the globe.”

The modern no-till movement on large-
scale farms became possible with 
the invention of herbicides, such as 
2,4-D and paraquat in the 1940-50’s, 
permitting weed control without tillage. 
The absence of tillage results in a 
residue mulch covering the soil surface 
and requiring seeding practices or 
equipment designed to sow directly into 
mulch-covered soil.

The no-till system retains more than 90 
percent of crop residue on the soil surface. By contrast, the 
moldboard plow retains less than 10 percent of residue; the 
chisel plow and disk retain between 25 and 75 percent of 
residue; while ridge-planting and strip-till planting systems 
retain 40 to 60 percent of residue.

Interest spreads
The surface residue left by no-till conserves moisture and 
protects soil from wind and water erosion. These benefi ts 

A Biological 
System EvolvesIntroduction

Jon Hanson

Jeff Thiele

Bob McNabb
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“Change brings risk, and risk brings fear,” says McNabb. 
“In light of that, it’s phenomenal to see farmers of the whole 
southwest area of Manitoba using no-till in a big way. In 
the world of agriculture, a period of 30 years is a relatively 
short time for farmers to adapt and make the broad-based 
changes needed to switch systems from tillage to no-till.”

For McNabb, the decision to adopt a no-till system came 
at the start of his farming career, in 1978. After working in 
aviation, he returned to Minnedosa with his wife, Elaine, 
to buy and manage his parents’ farm. He rented a no-till 
drill and experimented with direct seeding one fi eld. The 
positive results fueled a lifelong commitment to zero tillage.

Farmers organize
McNabb was among the northern pioneers of no-till who 
in 1982 founded the Manitoba-North Dakota Zero Tillage 
Farmers Association, a farmer-focused information sharing 
organization supported by researchers and conservation 
agencies.

“We had like-minded people from both sides of the border, 
and we shared a vision,” says McNabb. “As an international 
organization, the Association is a great vehicle for moving 
new ideas forward. From the start, the professional people 
supported the group with an acute sense of innovation and 
responsibility. They were willing to share information with 
farmers and among agencies. As a result, the Zero Tillage 
Association has been a guiding light helping us all move 
forward.”

From its inception, the Manitoba-North 
Dakota Zero Tillage Farmers Association 
has served as a forum for voices of 
farmers and researchers alike, sharing 
farm-based experience alongside 
documented research. In 1991, the 
Association published its fi rst handbook, 
the Zero Tillage Production Manual. The 
manual was a valuable guide for North 
American farmers as they moved into 
zero till and other conservation cropping 

systems. Copies of the manual found their way throughout 
Canada and the United States, and overseas to Africa, 
Australia, Europe and South America.

In 1997 came the organization’s second 
handbook, Advancing the Art. This 
manual shared information farmers 
might implement in adopting advanced 
technology and maintaining existing 
no-till systems.

Now, in the words of Bob McNabb, 
the Association “is doing something 
exciting again,” with the publication of 
its third manual, Beyond the Beginning: 

The Zero-Till Evolution. Here, farmers and researchers alike 
discuss today’s growing need – and evolving tools – for 
shaping a site-specifi c, biological systems approach to 

no-till, and indeed to agriculture as a 
whole.

“As we move into the future, no-till will 
continue its work of building healthy, 
resilient soil,” says Ted Alme, state 
agronomist for the USDA Natural 
Resources Conservation Service, 
Bismarck, North Dakota. “It will continue 
to be an important means of restoring 
and stabilizing soils around the world – 

wherever soils have been damaged by destructive 
agricultural practices.

“Yet no-till has evolved into something more than an 
erosion control practice,” he says. “It has transformed 
into a dynamic, biological systems approach to resource 
management.”

An evolution
No-till’s ongoing evolution into a biological system presents 
a new generation of risks and a need for new knowledge. 
The challenges lie in learning to let natural synergies work 
and in fi nding ways to mimic Mother Nature’s rhythms for 
the prairie.

“We need to increase our knowledge and our management 
skills,” says Thiele. “We don’t understand, for instance, all 
the interactions in different plant communities with insects 
and the organisms in the soil. We must learn to work with 
synergies between crops. We can learn to work with Mother 
Nature – learn to work with what we have – rather than 
fi ghting against it.”

Mimicking the prairie system means shifting away from 
monoculture toward cropping diversity and keeping 
living plants in the soil throughout the growing season. It 
suggests shrinking dependence on herbicides, pesticides 
and synthetic fertilizers, and depending instead upon the 
counterbalancing controls and strengths inherent in diverse 
communities of plants and microorganisms.

“This will require greater management by the farmer, but 
we should be able to decrease commercial inputs and 
increase economic profi ts as a result,” says Thiele. “Yet 
because of changing conditions every year, I hope growers 
will remain fl exible and keep their options open. We have to 
take baby steps toward a system that is sustainable for the 
long-term.”

The sum effect will be a biological system of agriculture 
uniquely fi tted to each individual farm. “The no-till system of 
the future will not be based on a one-size-fi ts-all formula,” 
says Alme. “It will evolve into a dynamic, site-specifi c 
system for each farm. As such, it will refl ect individual 
producers’ personal decisions about managing farms and 
their resources.”

– by Raylene Nickel
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pesticide applications. This combined with reducing the 
cost of fertilizers while maintaining or even increasing yields 
offers huge economic gain for the producer.”

Management holds the key to unlocking the vibrant natural 
processes native to a healthy soil habitat. “It all depends on 
how you take care of the soil,” says Nichols. “It depends 
on the level of tillage, the type of plants you grow, and the 
amount of fertilizers and pesticides you use.”

The soil food web
Building a biologically active soil habitat requires 
management practices aimed at establishing and 
maintaining an elaborate soil food web. “This web is a 
huge interactive link of all these different organisms,” 
says Nichols. “When you remove something from the soil 
food web, you can cause that web to fall apart. Imagine a 
spider’s web. If you break the strands of a spider’s web, the 
web will collapse. The same is true of the soil food web. If 
you break one of the ‘strands,’ the web will collapse, and 
the soil will lose its biological functions.” 

The imagery of the spider’s web illustrates the importance 
even of disease or pest organisms, which are food for their 
predators, the benefi cial organisms. Without the pests, the 
benefi cial predators would have no food and would thus be 
starved out of the system, creating future opportunity for 
growth in pest or disease populations.

“The food source for the benefi cial insects is often a 
bacterium or fungus that can cause disease,” says Nichols. 
“These benefi cial insects may be microscopic or more 

A Web of Life 
in the Soil
Like most ideal human communities, healthy soils are 
vibrantly alive, bustling with activity. These soils team with 
macro- and microorganisms, and each citizen-organism 
provides a service critical to the healthful functioning of the 
broader community.

The diverse community of life in biologically active soil 
includes such citizens as viruses, bacteria, fungi, algae, 
protozoa, mites, nematodes, worms, ants, maggots and 
other insects. Each plays a critical role in breaking down 
organic matter and cycling macro- and micronutrients into 
forms that plants can use. The process leads to improved 
soil structure, tilth and productivity.

“The diverse community below ground 
creates the diversity of soil services we 
need in order to grow healthy plants,” 
says Jill Clapperton, a rhizosphere 
ecologist and consultant operating 
Earthspirit Land Resource Consulting, 
Florence, Montana. Clapperton served 
as the rhizosphere ecologist at the 
Agriculture and Agri-Food Canada 
(AAFC) Lethbridge (Alberta) Research 
Centre for 15 years.

Healthy plants naturally result in healthy food and forages, 
ultimately improving the health of humans and livestock. 
Citing just one example of this plant-food relationship, 
Clapperton says, “Increasing colonization by vesicular-
arbuscular mycorrhizal fungi can in turn increase the 
mineral nutrient content of wheat, for instance.”

Aside from producing vigorous plants 
and healthful food, biologically active 
soils offer farmers the economic 
benefi t of requiring reduced amounts of 
fertilizers and pesticides.

“Biologically active soils provide the 
nutrients needed by the plants, including 
nitrogen,” says Kristine Nichols, USDA 
Agricultural Research Service (ARS) 
soil microbiologist at the Northern 
Great Plains Research Laboratory, 

Mandan, North Dakota. “Such soils also have the internal 
mechanisms needed to resist pests, so farmers can reduce 

Soil Biology

Jill Clapperton

Kris Nichols

We live on the rooftops of a hidden world. Beneath 
the soil surface lies a land of fascination, and also of 
mysteries, for much of man’s wonder about life itself 
has been connected with the soil. It is populated 
by strange creatures who have found ways to 
survive in a world without sunlight, an empire whose 
boundaries are fi xed by the earthen walls.

– Living Earth by Peter Farb, 1959
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visible.” Examples of larger benefi cial insects are the 
spiders and ladybugs that help to control aphids.

“Disease organisms actually only cause problems when 
populations are allowed to get out of control,” adds Nichols. 
“When there’s a balanced community of soil life, none of the 
organisms are acting like disease organisms. All organisms 
must be present in order to have biologically active soil.”

A potential downside of using pesticides is their possible 
disruption of this progress toward a balanced soil life. 
Pesticides affect soil organisms both directly and indirectly. 
They remove target populations, of course, but they may 
directly kill non-disease organisms as well and reduce their 
food source. This weakens their ability to continue acting as 
leveling agents in the soil food web.

Fertilizers, too, can disrupt the delicate balance of the soil 
food web. “When you apply fertilizer, you disrupt the food 
cycle for the plants,” says Nichols. “Instead of requiring the 
plant to draw food from the soil, you’re artifi cially providing 
the nutrients the plant needs. As a result, the plant is not 
contributing its part in the food web. That in turn prevents 
various organisms within the food web from getting the 
food they need, and they die, causing the soil food web to 
collapse.”

Biology affects chemistry
The biological processes and properties of a soil unite the 
soil’s physical and chemical properties. Illustrating this 
relationship, Clapperton writes: “Fungi and bacteria recycle 
all the carbon, nitrogen, phosphorus, sulphur and other 
nutrients in soil organic matter, including animal residues, 
into the mineral forms that can be used by plants. By 
breaking down the complex carbon compounds that make 
up organic matter, soil organisms acquire their energy.”

“At the same time,” she continues, “the root exudates, 
hyphae of the fungi, and the secretions and waste products 
of the bacteria are binding small soil particles and organic 
matter together to improve soil structure. This makes a 
better soil habitat that attracts more soil animals, which 
further increases the amount of nutrient cycling.”

The distribution of organisms in the soil tends to 
concentrate along the vertical plane of plant roots. Roots 
are associated with organic matter, and large numbers of 
organisms feed on the organic matter, either directly or 
indirectly.

Other symbiotic relationships between roots and soil life 
draw the organisms to greater depths into the soil profi le. 
“A fi lm of water coats the roots,” says Clapperton. “The 
bacteria will zoom down the roots on this fi lm of water. The 
organisms that feed on the bacteria, like the nematodes and 
protozoa, will follow the food trail, penetrating the earth by 
as much as a meter below ground.”

“When a root dies,” she adds, “it creates a channel that lets 
arthropods go down. Most of these prefer to live nearer the 
surface, in the litter layer. But given a travel route, they will 
go down. At depth, there is often a problem with oxygen 
not being readily available, but the root channel aerates 
the soil and creates a way for arthropods to penetrate the 
earth.” Fungi, bacteria and other organisms may colonize 
these root channels as well.

The role of fungi
The interconnected life shared by plants and soil organisms 
is best illustrated in the symbiotic relationship between 
roots and vesicular-arbuscular mycorrhizal (VAM) fungi. 

These fungi benefi t nearly all plants, facilitating a process 
allowing plants to assimilate from the soil phosphorus and 
other less-available mineral nutrients such as calcium, zinc 
and copper.

“Getting these 
nutrients, which are 
locked in the soil, 
into a plant-available 
form requires a 
synergy between 
soil organisms 
and plants,” says 
Nichols. “The fungi 
help to stimulate this 
process. They work 
with the bacteria 
and other organisms 
in the soil to change the chemical confi guration of the 
nutrients.”

Simply put, the VAM fungi take the sugar from the 
roots of the plant, and feed it to the bacteria and other 
microorganisms in the soil. These organisms then help 
convert the nutrients in the soil into a plant-available form.

When VAM fungi are not active in the soil, the nutrient 
phosphorus is not available to plants. Thus, producers 
add synthetic phosphorus fertilizers, though most soils 
are not defi cient in phosphorus. “Because of mycorrhizal 
fungi present in no-till soils, many no-till farmers are using 
a fraction of the phosphorus they used previously,” says 
Clapperton.

In general, when VAM fungi colonize roots, the plants 
have higher rates of photosynthesis, improved water-use 
effi ciency, and are able to move more and different kinds 
of carbon compounds to their roots, she adds. In sum, the 
rhizosphere community has fewer pathogens and more 
plant-growth-promoting rhizobacteria.

Plants vary in their dependence upon VAM fungi as a 
means of accessing nutrients. (See Table 1.) “Highly 
dependent crops often have limited root systems, with 
thick roots and few root hairs,” writes Clapperton. “Less 
dependent plants will have larger, fi brous root systems that 
are well adapted to competing for nutrients.”

Because of its root structure and its high needs for nitrogen 
and phosphorus, corn is a crop exhibiting a particularly 
strong benefi cial response to VAM fungi. When these fungi 
colonize the roots of corn plants, corn makes more effi cient 
use of nutrients, meeting more of its nutritional needs from 
soil and requiring less synthetic fertilizers.
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“Because of their high demand for phosphorus, legumes 
like soybeans and peas also have a strong response to VAM 
fungi,” says Nichols. “These plants use the phosphorus to 
feed the bacteria which fi x atmospheric nitrogen into plant-
available nitrogen in the soil.” 

Soil cleansing
In addition to providing for the nutrient needs of plants, 
the life in the soil has internal cleansing mechanisms that 
help remove soil contaminants. “In biologically active soils 
the organisms produce enzymes, or chemicals, that help 
to break down pesticides,” says Nichols. “These enzymes 
help to remove the contaminants from the soil so that there 
is less carry-over of pesticides and less leaching off site.”

Older pesticides now taken off the market may be 
exceptions. These may continue to have a residual effect 
on some soils. “There’s also some potential that fungicides, 
even the newer chemicals, may have some carry-over 
effects that cannot be contained by soil organisms,” says 
Nichols.

Thus, the healthful functioning of the soil community 
requires the critical services of each citizen-organism. The 
more diverse the community, the more extensive will be its 
services. “By priming the biodiversity, every plant can thrive, 
and that’s our ultimate goal,” says Clapperton.

– by Raylene Nickel

Table 1.
 The relationship between some crop species and VAM fungi

High dependency Low dependency Non‑hosts

Peas, beans and 
other legumes

Wheat and other 
cereals

Canola, mustard and 
other brassicas

Flax Lupins

Sunfl owers

Maize and other 
warm-season cereals

Source: Jill Clapperton, Earthspirit Land Resource Consulting

Citizens of the Soil
Examining a mere cross section of the soil populace and 
those services each citizen provides its community gives 
but a glimpse of a mysterious underworld and its workings.

Along with fungi, bacteria are among the most numerous 
and critical of soil residents. These vital organisms are so 
microscopic that half-teaspoon of soil contains a billion 
of them.

Bacteria play key roles in the 
processes of residue decomposition 
and the recycling of carbon, nitrogen, 
phosphorus and other nutrients. “We 
would all die if it weren’t for the bacteria 
in the soil,” says microbiologist Michael 
Lehman, USDA-ARS North Central 
Agricultural Research Laboratory, 
Brookings, South Dakota.

The presence of living roots in the 
soil attracts and stimulates bacteria, 

increasing the scope of their benefi cial work.

Some species of bacteria do not require oxygen, but many 
soil bacteria do. Because of this need for oxygen, many 
species of bacteria become less active in excessively wet 
or fl ooded soils, where they are starved for oxygen. Under 
these conditions, organic matter is resistant to degradation, 
slowing the release of nutrients.

Tillage, on the other hand, rapidly aerates the soil, 
encouraging a burst of respiration by bacteria. Following 
tillage, populations can grow quickly, increasing the rate 
of residue decomposition and nutrient release. “However, 

What would corn production look like if 
Arbuscular Mycorrhizal fungi, a benefi cial fungi, 
was partially or completely eliminated from the 
soil? Corn plants would likely appear phosphorous 
defi cient and stunted even when soil phosphorous 
levels were more than adequate (27 ppm P Olsen) 
and 30 pounds of P2O5 was banded near the seed. In 
this demonstration conducted on the Ryan Kadrmas 
Farm near Dickinson, North Dakota, a soil fumigant 
was applied in the September 2002, was seeded to 
corn in May 2004, and the result can be seen below. 
Yield was substantially reduced in the area devoid 
of mychorrhizal fungi. Analysis of corn roots by Kris 
Nichols, ARS Scientist, Mandan, ND, showed a 
signifi cant reduction in mycorrhizal fungi colonization 
on corn roots grown in the fumigated soil compared 
to the natural soil. Though defi ciencies may be 
overcome with additional fertilizer, applying additional 
fertilizer to overcome a soil health issue can be 
expensive reducing the producer’s net return. Further 
information on this demonstration can be found at 
www.ag.ndsu.nodak.edu/dickinso/

Corn plants in a fi eld where the soil was fumigated (three rows 
in the center) or not fumigated (outer rows) (A) showed signs of 
phosphorus defi ciency (B) which may be linked to the level of 
mycorrhizal colonization.

Percentage root colonization by arbuscular mycorrhizal 
fungi measured in corn grown in soil that was fumigated or 
not fumigated. Bars (means ±SE) with different letters are 
signifi cantly different (P ≤ 0.01).]

Mike Lehman
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these periods of rapid respiration cause large losses of soil 
carbon, production of greenhouse gases, and release of 
soluble nutrients that may migrate away before they can all 
be taken up by plants,” says Lehman.

“Moderate aeration with fewer enormous peaks of activity 
preserves soil carbon and releases nutrients gradually so 
they can be taken up by plants,” he adds. “Well-tended 
no-till fi elds with good soil structure, roots and root 
channels promote moderate aeration without the episodic 
events associated with tillage.”

The impact of pesticide applications on bacteria 
populations varies, depending upon the bacteria species. 
Pesticides inhibit some species, while other species 
actually clean pesticides from the soil. “Some types of 
bacteria consume pesticides for carbon and energy,” says 
Lehman.

Pesticides that the bacteria cannot degrade are those 
tending to persist in soil. “Persistent pesticides can 
accumulate in some soil organisms and be magnifi ed as 
animals are consumed in the food chain,” he says.

Mites and others
In the soil food web, the bacteria are a food source for soil 
mites, which also feed upon fungi. In the absence of tillage, 
populations of mites tend to increase.

“Under no tillage, litter or residue is primarily decomposed 
by fungi that accumulate nitrogen in their hyphae,” writes 
rhizosphere ecologist Jill Clapperton. “In response, the 
population of fungal-feeding mites increases rapidly. The 
mites use some of the nitrogen from the fungi and release 
the remainder into the soil to be used by plants and other 
organisms.”

Other soil life, the soil algae, are partners in the nitrogen-fi xing 
process. These help to take nitrogen from the atmosphere 
and supply it to the soil in a plant-available form.

A species of bacteria called actinomycetes also participate 
in a process of drawing nitrogen from the air and fi xing 
it in the soil. “Actinomycetes look like fungi, growing in 
thread-like confi gurations,” says soil microbiologist Kristine 
Nichols. “Tillage breaks up their threads, and so reducing 
tillage, of course, benefi ts these organisms.”

Good and bad nematodes

Populations of larger soil life, such as nematodes, also 
thrive in the absence of tillage. Nematodes are roundworms 
smaller than earthworms. Nematode populations include 
species that are benefi cial as well as those that are 
detrimental. The harmful species act as plant parasites, 

such as the root worm nematode that feeds on potato 
crops or soybeans, preventing plants from taking up 
nutrients.

“Nematodes exist in a complex food 
web feeding primarily on bacteria 
and fungi,” says soil scientist Sharon 
Weyers, USDA-ARS North Central Soil 
Conservation Research Lab, Morris, 
Minnesota. “But as a community all are 
involved in some way in the process 
of residue decomposition and nutrient 
cycling.”

Pesticide applications tend to reduce 
populations of harmful as well as 

benefi cial species of nematodes. Given adequate food 
and soil moisture, however, populations can “come 
back up within the season,” says Weyers. A season-to-
season rotation of crops and pesticide applications helps 
benefi cial populations of nematodes recover more fully from 
pesticides.

Eroded soils tend to support reduced nematode 
populations. “The more eroded a soil becomes through 
tillage, the less organic matter it may hold, and the fewer 
nematodes it may support,” says Weyers. “Nematode 
populations respond to the quantity as well as quality of 
organic matter. A soil with a high level of organic matter 
as a resource base is likely to support a larger and 
more complex community of nematodes and other soil 
organisms, compared to a soil with less organic matter.”

Soil engineers
Like nematodes, earthworms suffer under tillage. Their 
absence takes a toll on soil life because of the broad scope 
of their benefi ts. Earthworm tunnels provide a slime-coated 
channel that stimulates microbial activity.

“Earthworms are ecological engineers because of the 
dramatic changes they have on soil structure,” says 
Clapperton. “They increase water infi ltration, improve 
aeration and stimulate microbial activity in the soil.”

Reducing soil disturbance is an effective way to increase 
earthworms. “You can further increase earthworm 
populations by adding oilseed crops and retaining legumes 
in rotations under no tillage,” she writes. “Research has 
shown that there are more and bigger earthworms under 
no tillage after oilseed crops – particularly fl ax and canola – 
and legume crops compared with cereals.”

– by Raylene Nickel

Sharon Weyers
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Building a Soil 
Habitat
As is true with our human communities, the diversity and 
robustness of the soil community depend directly upon the 
conditions of its home and the quality of its food, the poorer 
the food and the more stressful the living conditions, the 
less functional the life.

The good news for farmers is that soil organisms are 
resilient, and their communities can grow and thrive even 
from harsh beginnings. In the case of these organisms, 
there’s truth in the popular saying “Build it and they will 
come.”

This is possible because some of the soil life has the ability 
to wait out the hard times by existing in a subsistence state. 
Given adverse environmental conditions, soil organisms 
like bacteria, nematodes and arthropods exist in a sort of 
hibernation. They wait in this resting phase for improving 
conditions in their home and diet.

Stop disturbing soil
Stirring them to life requires taking steps to provide the 
habit they need to thrive. “Decreasing the disturbance 
of the soil is an important way to stimulate the 
microorganisms,” says soil microbiologist Kristine Nichols. 
“The lower the level of the soil disturbance the more the 
organisms will thrive. It doesn’t mean they will be absent 
with some disturbance of the soil. But the more you repeat 
the soil disturbance, the harder you make it for them to 
thrive.”

Research at the Agriculture and Agri-Food Canada 
Lethbridge (Alberta) Research Centre illustrates the effect 
of tillage on populations of earthworms, for instance. 
Long-term studies of dryland tillage systems showed that 
earthworms in no-till fi elds numbered as many as 300 
worms per square meter, while no earthworms were found 
in conventional-till fi elds.

Provide diverse food
Providing abundant sources of diverse food for soil life may 
have a mitigating effect on the disruptive consequences of 
tillage. “If you’re growing a lot of cover crops and adding 
green manures to the soils, you’re feeding the soil food 
web,” says Nichols. “You may compensate a bit for the level 
of tillage by the diversity of the plants you grow. Tillage will 

destroy the habitat, but by increasing the amount of food 
for the organisms, you can compensate for destroying the 
‘house’ – not entirely, but it can help.”

Providing the soil organisms with abundant and diverse 
food sources helps them rebound from other potential 
setbacks they might experience, such as synthetic fertilizers 
or pesticides.

“When we can get organic matter with a 20 to 30:1 carbon-
to-nitrogen ratio, we’re feeding the organisms a better-
balanced diet,” says rhizosphere ecologist Jill Clapperton.

In the case of vesicular-arbuscular mycorrhizal (VAM) fungi, 
populations can be strengthened by planting perennial 
crops and legumes, and by including in the rotation crops 
highly dependent upon VAM fungi, such as corn, sorghum, 
fl ax and sunfl ower.

In general, growing multi-crop rotations including cover 
crops is an important way to prime the diverse food supply 
soil organisms need in order to maintain their natural 
resiliency. “We know that native prairie soils had a lot of 
plant diversity, especially when grazing was right and there 
was a fi re response,” says Clapperton. “Biodiversity drives 
soil health. By using cover crops, diverse crop rotations 
and proper sequence of crops in the rotation we can move 
toward the original productivity and soil conditions of native 
prairie.”

Just one season of growing a diverse cover crop, for 
instance, creates a robust microbial community improving 
soil health for a period spanning four to fi ve years. 

“There is defi nitely a connection between plant diversity 
and soil biological activity, a connection between how cover 
crops grow and the health of subsequent crops,” says 
Clapperton. “This is certainly not new research, but we’re 
just beginning to understand it.”

Releasing minerals
Plant diversity also infl uences soil chemistry. Plant species 
differ in the way they take up nutrients from the soil. As 
the plants mature and their residues decompose, this 
process of decomposition releases nutrients for the 
formation of organic matter. The mix of mineral and trace 
mineral nutrients released into the organic matter will vary 
according to plant species.

“Buckwheat, for example, is an accumulator of calcium, 
phosphorus, boron and zinc,” says Clapperton. “It 
preferentially takes up these nutrients. So when we include 
buckwheat in a crop mix, we put more of those nutrients 
into the organic matter in the root zone and at the soil 
surface.”

Plant diversity yields maximum benefi ts to soil chemistry 
and biological activity when root structure and rooting 
depth guide the choice of plants to include in cover crops 
or long-term rotations.

“To create ideal soil structure and health, fi ll the vertical 
profi le of soil with root material,” says Clapperton. “Create 
a root canopy in the ground in the same way that you 
create plant canopy above ground. Use both deep- and 
shallow-rooted plants to fi ll the soil profi le. We need to think 
of cover crops as fi lling the root profi le. The roots become 
organic matter, and this diversity of organic matter feeds the 
diversity of life below ground.”

Roots of deep-rooted plants in particular provide additional 
services. These pull up and recycle the nutrients, like 
nitrogen, accumulating at lower depths. “If you leave those 
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nutrients down there, they’re prone to leaching into the 
ground water,” says Clapperton.

Deep-rooted plants also benefi t saline soils. “In areas where 
salinity causes problems, it’s an indicator that the plants 
are not using water in an appropriate way,” she says. “This 
used to be less of a problem with native range because 
of the deep roots of plants like sagebrush. In range soils, 
some roots are shallow, and some are deep. They’re all 
tangled together and adapted to exploiting nutrients at 
different depths.” 

Deep roots create channels for water and oxygen to get into 
the soil. Oxygen may also be released from deeper roots, 
providing an aerobic environment in the rhizosphere.

While building a secure habitat for soil life may take three 
to fi ve years to accomplish, it eventually pays off in thriving 
crops. Says Clapperton, “We can work with the plant 
community to create a microbial community in the soil that 
is very promoting of plant growth.”

– by Raylene Nickel

Producer Profi le
Fields Full of Good 
Insects
A growing population of benefi cial insects tells Wayne and 
Dustin Williams their no-till fi elds are increasing in biological 
diversity.

Farming near Souris, Manitoba, the father-son partners 
have practiced no-till since the mid-1990s. Wayne began a 
transition to reduced tillage much earlier than that, adapting 
conservation-till methods as early as the 1960s.

“As a result of no-till and rotation, our benefi cial bugs have 
increased, and our problem insects have decreased,” says 
Dustin. “We fi nd lacewings and ladybugs, and our soil is 
teaming with earthworms. We also see a lot of ‘undertaker’ 
bugs, those scavenger insects that break down residues. 
When you look down at the ground in our fi elds, you 
always see a lot of insects. Because of that, we rarely have 
to control problem insects by using insecticides. Except 
in sunfl owers fi elds, our need now for insecticide has 
decreased mainly to emergency use only.”

Even grasshoppers may be checked by this robust diversity 
of soil life. It’s too early to tell, but Wayne theorizes that a 
growing population of crickets may suppress grasshoppers 
that sometimes thrive in the surface litter of no-till fi elds.

“This past year we had a minor outbreak of grasshoppers, 
but we also had more crickets than I’ve ever seen before,” 
he says. “The crickets will likely control the grasshoppers 
because they burrow into the litter and eat the grasshopper 
eggs.”

Soil quality
Yet another indicator of vigorous biological activity in their 
soil is rapid breakdown of surface residue. “In spring, before 
seeding, we do a medium-tine fi eld harrowing to level the 
surface residue,” says Dustin. “Behind that operation, we 
have complete breakdown of cereal straw by the end of 
year one.”

Their soils are sandy loam and clay loam soils, and fi elds 
have fl at to rolling topography.

“Our main limiting factor is rainfall,” says Dustin. “Zero 
till has really benefi ted us because we’ve seen the water-
holding ability of the soil increase. Because of that, year in 
and year out our yields have remained consistent despite 
fl uctuations in rainfall.”

Steady increases in organic matter contribute to improved 
moisture retention as well. Organic matter in their soils 
ranges from 4 to 5 percent, and continues to increase.

Yet another long-term improvement in soil quality is a 
balancing of the soil pH. Historically, their soils have tended 
to be acidic but are now shifting toward a more alkaline 
makeup, testing in the high 6s and low 7s.

A reduced need for fertilizer is another result of the 
Williamses’ long-term no-till practices. “Because of the 
improved health of our soil profi le, we’re applying half the 
amount of fertilizer we used to apply,” says Dustin. “We’re 
into our third year of using less fertilizer, and we haven’t 
seen a loss in yields.” Dustin noted that captured engine 
exhaust supplies nearly 30 percent of their nitrogen inputs.

Rotation
They grow a four-year rotation of crops including spring 
wheat, oats, fl ax and peas, alternating between sunfl owers 
and canola in the fourth year to break disease and pest 
cycles affecting sunfl owers. They grow peas as a soil-
building crop, using it to fi x nitrogen and improve soil 
structure.

“Peas create a mellow, loamy soil,” says Dustin. “Because 
fl ax and canola tend to harden soils, we try to bring peas 

Dustin and Wayne Williams Continued on page 218
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Role of Crops, Cover and 
Cover Crops

The Synergy 
Between Soil and 
Plants
Plants and soils are entwined in shared life; the health of 
one depends upon the health of the other. In the natural 
prairie ecosystems these life forms evolved mutually 
sustaining rhythms surviving the passage of time and 
ravages of weather. Mimicking these holistic rhythms 
ensures an enduring future for agriculture.

“Soils are formed by plants, and plants 
are critical to keeping the living part of 
the soil alive,” says plant scientist Martin 
Entz, University of Manitoba, Winnipeg. 
“It’s essential for plants to be a part of 
any process intended to improve soil 
health. Healthy soils lead to healthy 
plants and, in turn, healthy people.”

Maintaining this shared cycle of health 
over the long term is the time-old 
challenge of agricultural systems across 

the globe. For the Northern Plains, the challenge is made 
particularly diffi cult by a short growing season marked by 
frequent bouts of hot, dry weather.

Managing moisture
Maintaining suffi cient moisture is critical to plant-soil 
synergy. “Moisture dictates how much biomass plants 
produce,” says Entz. “The volume of biomass is important 
because from that storehouse of material comes the 
soil’s potential to make organic matter. The carbon in the 
biomass is the carbon source for the soil, and the amount 
of root material contributes to this carbon. The soils in the 
wetter region of the Red River Valley have more carbon than 
the soils of the drier regions of the Prairies, for instance, 
because the plants of the Red River Valley have the 
moisture to produce more biomass.”

Thus, on the Northern Plains, the conservation of moisture 
is an overriding aim of sustainable agriculture, and it is a 
particular strength of no-till systems. “Because there’s no 
tillage, the loss of moisture through evaporation from the 
soil surface is reduced,” says Entz. “The surface residue 
conserves the moisture, making it available for plants.”

Stubble left standing in fall by many no-till farmers also 
traps snow, and the snow melt contributes to soil-moisture 
reserves. This process is critical on the Northern Plains, 
since “30 percent of our moisture falls as snow,” says Entz.

Spring often brings early spells of hot, dry weather. Heat 
bakes moisture and life from soil not sheltered by residue or 
living plants. “Where the soil is bare, temperatures in spring 
can easily exceed 100 degrees Fahrenheit (37 degrees C) in 
that top half-inch of soil,” says Ted Alme, state agronomist 
for the USDA Natural Resources Conservation Service, 
Bismarck, North Dakota. “Temperatures in that range will kill 
soil microbes, and most of the biological activity in the soil 
then ceases.” High heat also causes heat canker and slows, 
reduces or stops germination of crop seed.

“It’s a devastating loss to the total productivity of the soil 
if we lose the microbes in the upper layer,” he says. “A 
tremendous amount of biological activity occurs in that top 
inch of soil because much of the organic matter is located 
there. It’s critical to keep the soil biologically active by 
keeping it covered with residue from the previous crop or by 
growing a cover crop.”

Keeping the soil alive is the catalyst for the ongoing 
breakdown of decomposing plant residue from previous 
years’ crops. In long-term and stabilized no-till systems this 
breakdown of residue by microorganisms recycles nutrients, 
making them available for subsequent years’ crops.

Growing diverse plant communities aids residue 
decomposition because plant diversity above ground 
stimulates diversity of life below ground. The more diverse 
the population of soil microorganisms, the more diversifi ed 
and effi cient will be their cycling of residue.

“Every crop has a unique set of 
organisms associated with it, and 
the organisms gravitate to that crop,” 
says soil scientist Don Tanaka, USDA 
Agricultural Research Service (ARS) 
Northern Great Plains Research 
Laboratory, Mandan, North Dakota. 
“The best way to develop a diversity 
of organisms in the soil is to grow a 
diversity of crops.”

Managing rotations
Rotations most effi cient in building diverse soil life and most 
effective in interrupting cycles of weeds, pests and diseases 
are those comprising crops from fi ve plant families: cool- 

Martin Entz

Don Tanaka
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and warm-season grasses, cool- and warm-season broad-
leaved crops, and legumes.

Within these families, however, are crops that are either 
synergistic or antagonistic to a subsequent year’s crop. In 
other words, a previous year’s crop can either help or hinder 
the crop in the following year.

“If you sequence crops appropriately, you can get a 
synergism creating an exponential response,” says 
Tanaka. “We defi ne synergism as the greater effect of two 
components than would be expected from summing the 
effect of each component alone.”

“The crops might start out slow, for instance, but all of a 
sudden they’ll just take off,” he says. “Flax, for instance, is 
synergistic with wheat. When you grow wheat behind fl ax, 
you get a boost in yield in the wheat that can’t be explained 
by added fertility. The yield increase is not associated with 
reduced plant disease, either. That certainly accounts for 
part of the yield increase, but not all of it. The synergy 
seems to cause a lot of little things to work together to 
increase yield.”

In long-term studies, the Mandan ARS researchers 
evaluated the synergistic and antagonistic effects of more 
than 100 sequences of 16 crops under no-till management. 
One report states, “In a year with about average growing-
season precipitation, it became apparent that sunfl ower, 
saffl ower or fl ax as the previous crop synergizes the seed 
yield of canola, crambe, dry bean, fl ax, saffl ower, spring 
wheat and barley.”

Conversely, canola and crambe had negative effects on 
subsequent crops. As brassicas, canola and crambe are 
non-mycorrhizal crops. Growing these crops may negatively 
impact mycorrhizal fungi in the soil, consequently affecting 
subsequent mycorrhizal crops.

The Mandan ARS researchers developed a Crop Sequence 
Calculator to help producers design rotations capitalizing 
on synergism between crops. The Calculator includes 
information on 16 crops adapted to regions receiving 18 
inches or less of annual precipitation.

The Calculator provides information about the effect of 
individual crop sequences on seed yield, soil-coverage 
residue, soil-water use, surface-soil properties and plant 
diseases. “The Calculator helps farmers develop crop 
rotations that fi t their individual farm and management 
style,” says Tanaka.

Visit www.mandan.ars.usda.gov to order the Crop 
Sequence Calculator free of charge.

Besides improving health of soil and plants, growing 
diverse crops also benefi ts soil moisture, especially when 

rotations include deep-rooted crops. Decaying roots create 
pore spaces serving as channels for water to enter the soil 
profi le.

“Roots aerate the soil and improve water infi ltration,” says 
Tanaka. “Deep-rooted plants like alfalfa help to get water 
deeper into the soil profi le, where there’s a better chance of 
moisture being retained.”

Alfalfa roots will penetrate to depths of 12 feet. By 
comparison, sunfl ower roots will penetrate 6 feet; corn and 
sweet clover, 5 feet; and the roots of peas will penetrate 
3 feet into the ground. 

The apparent synergistic effects in crop rotation and/or 
sequencing where crops planted into the residues of the 
previous crop have lead producers and researchers to 
examine methods for enhancing these effects. These 
methods include the addition of perennial crops into an 
annual crop rotation, cover crops following a cash crop 
within the same year, or creating a system including annual 
crops, perennial crops, cover crops, and/or livestock may 
capitalize upon the synergies between crops and boost 
yields and soil and water conservation even further or 
faster than rotation alone. It is also important to note that 
crop rotation is the foundation to getting these advanced 
methods to work most appropriately.

Living roots
The symbiotic relationship between plants and soils 
functions at its best when living roots populate the soil 
profi le. “This is how the prairies were formed, and yet we as 
scientists did not fully recognize until relatively recently the 
importance of keeping the soil biologically alive by keeping 
living plants on the land,” says Entz. “Living roots leak 
carbon all the time and keep the mycorrhizal fungi alive. 
These fungi cannot live on dead plant material.”

The fungi produce a glue-like substance called glomalin, 
which stabilizes carbon in the soil. “Glomalin is known to 
be one of the most important factors allowing soil to form 
aggregates,” says Entz.

Adding perennials and 
cover crops to a rotation of 
annual crops extends the 
growing season for living 
plants. The perennials most 
closely mirror the native 
prairie ecosystem. Thus, 
they are best adapted to the 
particularly short growing 
season of the Canadian 
Prairie and the northern Great Plains of the U.S., and their 
extensive roots draw water from deep in the soil profi le 
during seasons of drought.

“Perennials put carbon into the soil all day, every day 
from the end of April through the end of October,” says 
Entz. “They produce a signifi cant amount of glomalin. 
As additional rewards, farmers can get a boost in grain 
production as many as seven years following alfalfa, for 
instance.”

But without livestock as part of the enterprise mix on a farm 
or within a community, the short-term economic rewards 
often don’t warrant including perennials in a rotation. Over 
the long term, developing enterprise systems for forage-
based milk and beef production could build profi tability for 
perennial crops, says Entz.

Perennial grains offer another futuristic possibility for 
including perennial crops in rotations. “These crops are 10 
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to 15 years away from commercial availability,” says Entz. 
“They will be particularly well adapted to saline and erodible 
soils, and will complement no-till production of annual 
crops.” Perennial grains have roots penetrating to depths of 
6 feet.

One management scenario might be to intercrop perennial 
grains with legumes to supply nitrogen. The crop aftermath 
would provide feed for livestock.

Cover crops
Besides growing perennial forages, planting cover 
crops after harvesting regular-season crops provides an 
opportunity to bank living roots in the soil and accomplish 
other services. (See accompanying article “Cover Crops 
at Work.”)

“Adding cover crops to a rotation of annual crops mimics a 
perennial system and benefi ts soil quality and carbon over 
the long term,” says Entz. “Producing just 4 or 5 inches of 
top growth is all that’s needed to keep the mycorrhizal fungi 
active and stabilize carbon in the soil, reducing the loss of 
carbon through respiration.”

The volume of biomass produced by cover crops 
depends upon moisture and remaining growing days. In 
the midsection of southern Manitoba, for instance, the 
shortness of the post-harvest growing season often limits 
the amount of biomass cover crops produce.

“When you look at long-term weather records for the region 
along the border between Canada and the United States, 
you’ll fi nd evidence of years when cover crops would have 
been possible,” says Entz. “But you’ll also fi nd years when 
weather conditions caused the harvest to be very, very late. 
In those years cover crops won’t grow a lot of biomass.”

The availability of soil moisture is another factor determining 
the amount of cover crop biomass. “Our research shows 
that a cover crop producing 1,500 pounds per acre of dry 
matter could use up to 2 inches of water,” says Entz. “In 
the Red River Valley, that amount of water use is wonderful. 
It helps to reduce producers’ problems with excess soil 
moisture.”

Cover crops’ use of late-season moisture in drier regions 
may limit the availability of moisture for the subsequent 
crop.

However, Tanaka notes: “From previous research at the 
Northern Great Plains Research Laboratory at Mandan, 
North Dakota, we have found that storing soil water 
during the fall or late summer is ineffi cient. Therefore, 
trying to store late-summer and fall precipitation results 
in little gain in soil water. Converting the evaporation in 
evapotranspiration to transpiration by plants could result in 
increased dry matter production, some N and almost the 
same soil-water content the next spring.”

Services and types
A side benefi t of cover crops is their ability to scavenge and 
store excess nutrients. Since moisture and temperature 
affect the timing of nutrient cycling from decomposing 
residue and mineralization of soil organic matter, nitrogen 
may be released after the main crop stops taking up 
nutrients. The cover crop can consume these nutrients, 
storing them in plant tissue, thereby making them less 
vulnerable to leaching or other vehicles of nutrient loss. 
Eventual decomposition of the cover crop residue releases 
stored nutrients for use by subsequent crops.

Yet another side benefi t of cover crops is their ability to 
germinate seeds of weeds or volunteer plants from that 
season’s crop. The cover crop canopy produces a more 
humid environment that conserves surface moisture needed 
to germinate seeds in fall, exposing seedlings to winterkill.

For the Red River Valley region of Manitoba, Entz 
recommends cover crop species tolerating wet soil 
conditions, such as red clover, faba beans and soybeans.

“Peas, lentils and hairy vetch are more drought tolerant,” 
he says. “Forage radishes are particularly good for late-
season planting because they are cold tolerant and have 
penetrating bulbous roots. Though we are only starting to 
research cover crops for our region, we expect the ‘cocktail’ 
mixes of covers to be most benefi cial.”

Because cover crops of the brassica family are non-hosts 
for mycorrhizal fungi, they suppress the benefi cial activities 
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of these microorganisms. “That’s a good reason to grow the 
brassicas in cocktail mixes including crops dependent upon 
mycorrhizal fungi,” says Entz.

Weeds and volunteer crops growing after harvest offer 
cover crop benefi ts as well. “We have underestimated 
the value of weeds,” says Entz. “A diverse community of 
weeds has mycorrhizal activity in the root zone. I suggest 
rethinking fall weed control and letting Mother Nature look 
after weeds with winterkill.”

Winter crops
Including winter crops in a crop rotation can make the 
growing of cover crops more viable. Planting short-season 
cover crops after a spring-seeded-crop harvest often 
deprives the cover crops of the time needed to grow well 
before winter sets in. Planting cover crops behind winter 
crops that are harvested 10 to 14 days earlier, on the other 
hand, gives them a longer time to grow in late summer and 
early fall.

The Conservation Cropping Systems Project (CCSP) 
research farm in southeastern North Dakota, near Forman, 
has had good success no-till seeding cover crops after 
winter crops such as winter wheat. “Cover crops should 
work equally as well following winter rye and triticale,” says 
agronomist Blake Vander Vorst of Ducks Unlimited, an 
organization contributing to the farm’s research.

“Winter cereals are crops that can be harvested one or 
two weeks earlier than spring-seeded small grain crops,” 
he says. “This early harvest gives more time to establish 
a cover crop and gives the cover crop more time for fall 
growth.” Because of early maturity, pea is a spring-seeded 
crop providing a similar post-harvest window of opportunity 
to start cover crops earlier.

At the CCSP farm, the winter wheat is typically harvested in 
the latter part of July, and the cover crops are planted soon 
after. A cocktail mix of cover crops has shown good growth 
well into the fall.

“Winter wheat leaves a lot of residue on 
the soil surface after harvest, which is 
benefi cial to conserving soil moisture 
near the surface to enhance cover 
crop germination and sustain seedling 
growth,” says Vander Vorst.

Winter wheat and the other winter crops 
also provide attractive cover for spring 
and early-summer waterfowl nesting. 
Studies by Ducks Unlimited indicate 
there are 24 times more nests hatched 

in winter wheat fi elds than in fi elds of spring-seeded crops.

Future research at the CCSP farm will look at the impact 
of winter wheat and cover crops on soil erosion and 
soil quality. This work will potentially add to the growing 
storehouse of knowledge suggesting the many ways living 
plants benefi t soil and a living earth.

– by Raylene Nickel
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Cover Crops at Work
Researchers at several locations are documenting the 
multiple ways cover crops benefi t soil and cropping 
rotations.

A no-till trial at Cronin Farm, Gettysburg, South Dakota, 
measured the effects of eight cover crop combinations on 
soil and yields of a subsequent corn crop. The cover crops 
stored nitrogen (N) and fostered competitive corn yields 
with no synthetic fertilizer.

Researchers from the USDA Agricultural Research Service 
(ARS) North Central Agricultural Research Laboratory, 
Brookings, South Dakota, conducted the year-long trial 
in cooperation with farm manager Dan Forgey. The farm 
site is located in the north central part of the state, where 
dry growing conditions are common. Average annual 
precipitation is 18 inches.

After harvesting winter wheat in August 2007, Forgey 
planted eight cover crop treatments: lentils, canola, 
cowpea, canola/lentils, canola/cowpea, canola/cowpea/
lentils, radish/cowpea/lentils and turnip/cowpea/lentils. No 
cover crop was planted on a control treatment. Winterkill 
terminated the cover crops.

On May 13 the following spring he planted corn into the 
cover crop residue, splitting the treatments into fertilized 
and unfertilized plots. The fertilized plots received 108 
pounds/acre of total N.

Rainfall for the 2008 growing season was slightly above 
average.

Trial results
Researchers measured cover crop biomass at the end of 
October 2007. Dry matter ranged from a low of about 580 
pounds/acre for radish/cowpea/lentil to a high of about 960 
pounds/acre for canola. The second-highest yielder was 
canola/cowpea, producing about 920 pounds/acre. 

Nitrogen in the biomass ranged from a high of 26 pounds/
acre for lentil to a low of 8 pounds/acre for turnip/cowpea/
lentil. Canola had the second-highest N, and radish/
cowpea/lentil had the second lowest.

Lentil, canola/lentil, radish/cowpea/lentil and turnip/
cowpea/lentil showed the greatest reductions in fall soil 
nitrate. In October these plots had 21 to 23 pounds/acre of 
soil nitrate, compared to 47 to 58 pounds/acre in August. In 
the control plot with no cover crop soil nitrate dropped from 
54 pounds/acre to 30 pounds/acre.

“Fall cover crops will scavenge residual N from the soil 
and prevent it from leaching,” says Shannon Osborne, 
a research agronomist at the Brookings ARS laboratory. 
“The N is stored in the crop biomass, and as this begins 
decomposing the following spring, the N becomes available 
to the following crop. The amount of N depends upon the 
biomass of the cover crop and its carbon-to-nitrogen ratio.”

Cover crops such as legumes not only fi x additional N in the 
soil through roots, they also release more N to the following 
crop because of the low carbon-to-nitrogen (C:N) ratio of 
their biomass.

Blake Vander Vorst
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“Residue from cover crops with a low 
carbon-to-nitrogen ratio decomposes 
more quickly than does residue from 
cover crops with a high ratio,” says 
Osborne. Because residue of cover 
crops with a high C:N ratio decomposes 
more slowly, it is more effective at 
building soil carbon. In the Cronin Farm 
trial, measurements of soil moisture in 
the top 3 feet of the profi le in October 
of the cover crop year showed little 
difference in soil moisture between the 

no cover crop plot and the cover crop plots.

Corn yield
Yields of the subsequent corn crop were signifi cantly higher 
for unfertilized plots following cover crop mixtures than 
for the unfertilized control plot where no cover had been 
grown. (See Figure 1.) Corn in the unfertilized control plot 
yielded 170 bushels/acre, while unfertilized corn in the 
canola/cowpea cover plot yielded 215 bushels/acre, the 
highest yield of the unfertilized cover crop treatments. Plots 
were hand-harvested.

Figure 1

Except for the turnip/cowpea/lentil plot, unfertilized corn 
grown in plots previously producing combinations of cover 
crops out-yielded unfertilized corn from plots previously 
producing single-species covers – even lentil, which 
had produced the most plant nitrogen of all cover crop 
treatments.

“Combination cover crops seem to have more value, and 
the following crop seems to do better,” says Osborne. “I 
can’t say why that happens because there are too many 
possibilities.” 

Cover crop of choice
While Dan Forgey is experimenting with a range of cover 
crops in his rotation, canola/lentil is a combination he 
favors. In the ARS trial, this combination yielded only 
slightly less than canola/cowpea in the unfertilized plots. 
“I’m leaning more toward lentils than cowpeas because 
cowpeas freeze off so early in the fall,” he says. “But lentils 
don’t mind the early cold weather.”

Like the canola/cowpea combination, the canola/lentil cover 
crop combination signifi cantly increased the protein of the 
corn, testing 8.8 and 8.4 percent respectively. The corn 
protein on the unfertilized plot growing no cover crop tested 
7.7 percent. “Improving the protein in the corn by growing 
cover crops creates added value for livestock producers,” 
says Forgey.

Additional value could result from reducing fertilizer 
applications in corn crops following cover crops. To 
accomplish this, Forgey plans a site-specifi c strategy 
requiring the measuring and drying of biomass samples 
from cover crops. “I want to fi nd out how much N these 
cover crops are actually contributing each year,” he says. 
“If there are nitrogen credits available, I’ll decrease N 
application rates by that much.”

Wet soil conditions
Measuring cover crops’ effect on no-till spring-planting 
conditions in the higher-moisture region of eastern South 
Dakota is the focus of a study jointly undertaken by the 
Brookings USDA-ARS and South Dakota State University. 
The fi rst-year results showed that cover crops increased the 
weight-bearing capacity of no-till soil in spring and resulted 
in corn yields comparable to yields in fi elds not previously 
producing cover crops.

“Producers here in eastern South Dakota resist no-till 
because we get a lot of rain in the spring, after the frost 
is out of the ground but before planting,” says Osborne. 
“Many producers believe that no-till delays planting, and 
they tend to till to dry out the ground.” 

Researchers designed a no-till study to fi nd out whether 
or not a fall-planted cover crop would use up spring soil 
moisture and provide a stable weight-bearing surface for 
no-till spring seeding.

They seeded a variety of cover crops after harvesting a 
crop of small grains, either spring wheat or oats harvested 
for hay or as a cash crop. “We planted 14 cover crops 
and cover crop mixtures,” says Osborne. “The mixtures 
included grains and grasses such as ryegrass, slender 
wheatgrass and switchgrass. In some cover crop mixes, 
we included legumes and grasses that would come back in 
spring and use up some moisture.”

Surviving cover crops are killed with herbicide prior to 
planting corn the following spring. Cover crop species 
surviving the winter included hairy vetch, red clover, 
sweet clover, Alsike clover, slender wheatgrass and winter 
ryegrass. These species increased soil strength and 
reduced soil moisture relative to conventional-till and no 
cover crop treatments.

Spring soil-surface temperatures in cover crop treatments 
were less variable than control plots growing no cover 
crops. “Average temperatures were not signifi cantly cooler 
than where there was no cover crop,” says Osborne.

Three years of data showed that germination of spring-
seeded crops no-tilled into cover crop residue was delayed 
an average of three to four days compared to germination 
date of spring crops conventionally seeded into plots not 
growing cover crops. “Despite the delay in germination 
there was no difference in yield between treatments,” says 
Osborne.

Cover crops and cattle
Researchers at the USDA-ARS Northern Great Plains 
Research Laboratory, Mandan, North Dakota, are 
integrating no-till cover crops with a livestock enterprise. 
The system yields a grazing resource as well as increased 
soil fertility for a subsequent corn crop.

In the fi rst year of the three-year crop rotation they spring-
plant oats was underseeded with a mix of hairy vetch, 
alfalfa and red clover. They swath the oats at the dough 
stage in mid-August. “Swathing opens up the canopy, and 

Shannon Osborne
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the cover crops take advantage of sunlight and moisture to 
produce fall growth,” says ARS soil scientist Don Tanaka. 
“From mid-September through mid-October cow-calf pairs 
graze the swaths and legume growth.”

An electric wire provides the cross-fencing needed to graze 
the fi eld in strips. The wire permits the calves to creep-
graze the legumes ahead of cows.

The cover crops overwinter and regrow in spring. Ten days 
before seeding sorghum-sudan in June, researchers apply 
an herbicide to terminate the legumes. “We seed sweet 
clover and red clover with the sorghum-sudan,” says 
Tanaka.

The sorghum-sudan is swathed after the fi rst killing frost, 
leaving stubble about a foot in height. The tall stubble 
elevates the swath above the ground, making it more 
accessible for cattle to graze after snow falls.

In the third year of the sequence, researchers no-till corn 
into the sorghum stubble in spring. “We let the corn 
come up, and in the process of controlling weeds with a 
herbicide we also control the legume cover crops that have 
overwintered,” says Tanaka. They harvest the corn for grain, 
leaving the residue in swaths.

The three sequences of the cropping system are staggered 
among fi elds so that each year cattle graze forages from 
all three sequences, with grazing periods timed to provide 
forage well into winter. 

After grazing the oats 
swaths and legume 
regrowth, the calves are 
weaned and cows graze 
swaths of corn residue. In 
mid-December cows start 
grazing sorghum-sudan, 
which is particularly well 
suited to swath-grazing 
after snow starts to 
accumulate, because 

of the fl uffy swaths supported by tall stubble. If weather 
permits, grazing continues into February.

System benefi ts
The legume cover crops combined with livestock manure 
provide fertility for the corn crop. “The nitrogen supplied by 
the system tends to be much greater than the N inputs from 
fertilizer,” says Tanaka.

As the system has evolved, N application rates have 
decreased. “We had been applying 60 pounds/acre of 
nitrogen for every crop in the system,” he says. “Now, we 
apply 60 pounds/acre only to corn and have decreased the 
rate to 30 pounds/acre of nitrogen for the oats crop and for 
the sorghum-sudan.”

Corn yields range from 70 to 120 bushels/acre. The oats 
and sorghum-sudan crops yield 5,500 pounds of dry matter 
per acre. The area’s annual precipitation averages 16 to 17 
inches.

Varying rooting depths of the legumes help counteract the 
potential for compaction from cattle traffi c. “Alfalfa tends 
to break up a hardpan, and the roots of the other legumes 
along with the surface residue keep compaction down,” 
says Tanaka. “Wherever you have a growing plant using 
water, your chances of compaction are much less.

“We think the livestock have a positive impact on soil and 
water resources,” he adds. “Manure stays in the fi eld, and 
hoof action seems to incorporate some residues. That’s 

especially helpful in years when there is a large quantity of 
residue because the hoof action helps with decomposition.”

– by Raylene Nickel

Producer Profi le
Crop Diversity Builds 
Fertility
Growing cover crops in combination with livestock grazing 
has improved soil health and reduced commercial inputs 
on Gabe Brown’s crop and cattle operation near Bismarck, 
North Dakota.

The farm’s cash crops include corn, hard red spring wheat, 
winter triticale, sunfl owers and alfalfa. Fields of corn 
receiving no synthetic fertilizers yield 120 to 130 bushels/
acre, while unfertilized spring wheat has averaged as high 
as 72 bushels/acre. Average annual precipitation is 15 to 16 
inches.

“We’re increasing soil fertility because we’re improving 
the health of the soil,” says Brown. “In any given year, half 
of our cropland receives no commercial fertilizers. We do 
fertilize fi elds we’ve just rented or fi elds we’re not yet able 
to graze with cattle.”

Since 1991, soil organic matter in 
some fi elds of Williams loam soils has 
doubled, increasing from 1.7 and 1.9 
percent to 4.2 and 4.4 percent.

“By improving soil health and increasing 
organic matter we’ve improved 
infi ltration and increased the water-
holding capacity of the soil,” says 
Brown. “The organic matter is food 
for the macro- and microorganisms, 

which provide nutrients for the plants. 
The microorganisms feed off the variety of root types and 
provide nutrients for the following year’s crops. When you 
focus on improving soil health, it’s amazing how soils are 
then able to provide the nutrients needed for the growing 
crop.”

The cropping system
The evolution of Brown’s present management system 
began in 1993, when he started no-tilling fi elds. In 1996 
he began diversifying his cropping sequence by planting 
combination crops, growing red clover with barley, for 
instance, and hairy vetch with triticale. In 2006 he added 
cocktail cover crops to the cropping mix.

The late-season cover crops are a good match for winter 
triticale. The triticale provides a good opportunity for 
planting the cover crops because its late-June to mid-July 
harvest gives the cover crop plenty of time to grow before 
winter. Brown may also plant cover crops behind spring 
wheat if the harvest is early enough to permit growing time 
for the cover.

Gabe Brown




